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The Determination of the Surface 
Area of Young Women and Its 
Use in Expressing Basal 
Metabolic Rate 
HANNAH STILLMAN BRADFIELD 
Abstract.-A critical study was made of the methods of estimating sur-face area in order to determine their reliability when applied to women. In this investigation the accuracy of the surface integrator for human subjects was established by repeated determinations on the same subjects. The re-sults obtained from the use of the surface integrator on forty-seven women averaged the same as the area obtained by the Worner linear formula, about 5.7 per cent below the Du Bois linear formula, and nearly 2 per cent below the Du Bois height-weight formula. The basal metabolism of sixteen of the forty-seven subjects was repeatedly determined, and the average was about 6 per cent below that predicted by all standards used, and the same as that predicted by Krogh. The results of this investigation indicate that the Krogh modification of the Aub-Du Bois standards should be used for prediction of basal metabolism of women, and that if the Du Bois height-weight formula is used to calculate the surface area of women, a correction of + 2 per cent should be made. 
The surface area of animals has been studied extensively during the last half century because of the correlation between area and metabolism. Even when area was estimated roughly, it was apparent to physiologists that the rate of metabolism for each unit of surface was approximately 
equal for all species of warm-blooded animals. Small differences in 
metabolic rate of animals of the same species have been observed with differences in sex, age and some factors of environment. However, when 
environment is controlled and animals of the same age, sex and species 
are compared, it has been found that the basal metabolic rate is almost 
exactly proportional to surface area.. For this reason, it has become customary in most laboratories to express basal metabolism in terms 
of Calories (1000 calories) per square meter per hour. 
A controversy has arisen in recent years in regard to the reason for the relation between area and rate of metabolism, but this does not 
affect the experimental fact nor alter its usefulness. Area is the best 
unit of reference so far discovered for comparing the metabolism of different individuals.22 In the past, it has been found impractical to 
measure area, and many formulae have been devised for estimating it. The:se formulae are based upon measurements on a limited number of 
NOTE:-Aiso submitted to the faculty of the Graduate School of the University of Missouri in 1927, in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 
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individuals, most of them men, and the accuracy of the various formulae 
for women had not been determined. 
This paper deals with the direct measurement of a large group of 
young women, a comparison of the results obtained with area estimated 
by various formulae, and applications of the results to basal metabolism 
determinations. 
HISTORICAL 
The formulation of the law of surface area is commonly a ttributed 
to Rubner and R ichet since they were the first to submit any extensive 
data in support of it. In 1883, Rubner22 •26 published work on the metab-
olism of dogs and Richet16 on rabbits, in which they showed that 
under similar conditions of environment, the rate of metabolism of 
large and small animals was different when compared for the same unit 
of weight, but similar when compared for the same unit of surface. 
Rubner found also that the average heat production per square meter of 
body surface per twenty-four hours for man, dog, rabbit, guinea pig 
and mouse was 1,088 Calories, ± 10 per cent. Further work by Lusk, 
Armsby and others h as confirmed the law repeatedly. 
Methods of Measuring Area 
The methods of measuring surface area may be classified in the 
following way: (A), laying out geometrical figures on the skin, from 
which the area can be calculated; (B), covering the skin with a sur-
face of known area; (C), covering the skin with a coating of inelas-
tic material, which can be removed, and the area of the inside de-
termined by (1), cutting it into geometrical figures and calculating 
area, or (2), printing the pieces on photographic paper and weighing 
the paper, or (3), measuring the pieces with a planimeter; (D), photo-
graphing front and side views with a measuring rod in the same focus, 
and calculating from the area of the photographs; (E), passing over the 
surface of the body a cylinder of known area attached to a revolution 
counter; (F), calcula ting area from the length and mean circumference 
of the different parts; and (G), combinations of some of the above 
methods. 
Although several earlier investigators reported measurements upon a 
single individual, Meeh19 was the first to measure a considerable number 
of people and to devise a formula. He used a combination of methods. 
He marked out parts of the body in geometrical patterns, traced them 
on paper and weighed the paper. Cylindrical parts he wound with milli-
meter paper. Bouchard used the same method as Meeh on several 
individuals3 and also covered the body with inelastic material and meas-
ured the covering.22 Lissauer11 made inelastic molds on twelve dead 
infants. The parts of the mold he measured by planimeter. I n a similar 
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way, Du Bois and Du Bois8, in 1915, made inelastic molds on four 
men and one woman. They used great care to check the accuracy of their 
method by applying it to objects of known area, by repeated measure-
ments on a part of one subject, and by comparing the left and right 
side of another. From the measurements on these five subjects, they 
devised their linear formula. The next year, DuBois and his associates9 
published additional data upon four men, one woman, one boy and one 
dead infant, using both molds and their linear formula. Pfaundler23, in 
1916, also used the method of making molds on infants: His method 
differed from Du Bois' only in the manner of getting measurements of 
the pieces of the mold. Du Bois photographed the pieces and weighed 
the photographic paper, while Pfaundler measured the pieces by a 
planimeter. Bouchard3 states that Roussy used a cylinder attached to a 
revolution counter, but no data were published on this method. Roussy 
used also a linear formula which was published in 191122• In 1916, 
Benedict published his method of silhouettes.1 
Recent work on the surface of humans has been reported by Worner 
(1923) and by Takahira (1925). Wi:irner27 measured seventeen persons 
ranging in age from five to fifty years. He does not indicate the age nor 
sex of his subjects in all cases, but at least five of the seventeen were 
under twenty years of age, at least two were women, and some 
were pathological. He used molds similar to those used by Du Bois, 
and he also worked out a linear formula. Takahira28 made molds on ten 
.T apanese men and compared the known area with that calculated by 
various formulae. Boyd and Scammon4 used plaster of Paris molds on 
living children, and report that they have developed a high degree of 
accuracy. 
Formulae for Calculating Area 
Most of the formulae for calculating surface area are based upon 
the mathematical law that the surface of similar solids is proportional 
to the two-thirds power of their volumes. On the assumption that 
weight of humans is proportional to volume, Meeh proposed the formula 
s = wn x K. 
When applied to the six adults and ten children he measured, the 
average value of K for adults was 12.3 and for children was 11.9. Lis-
sauer found that 10.3 fitted his data on infants better, and Schieffu, 
who measured twenty-four children, claimed that the constant for 
Meeh's formula should be 10.7. All subsequent work has shown that 
Meeh's constant was too high; or, in other words, that Meeh's molds 
were made more loosely than those of later investigators. The formulae 
of Miwa and Stoeltzner and of Howland and Dana, which were based on 
Meeh's data, would, therefore, be expected to give too high results. 
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Dreyer, Ray and Walker found from measurements on birds and 
small mammals that not only surface area, but also blood volume and 
cross-sections of the aorta and trachea are functions of body weight, 
and may be expressed by the general formula 
X = K X Weightn. 
In applying this general formula to surface area, they found the value 
of the exponent ~'n" to be 0.70 or 0.72, instead of0.666, and the value of 
the constant "K" to vary with species. Most of the formulae proposed 
for calculating the area of humans or domestic animals are based upon 
the Meeh formula, with slight modification of the constant or exponent, 
or both. 
DuBois and DuBois differed from most preceding investigators in 
that they used a combination of height and weight in their formula. 
Since area is 2 dimensional, and volume is 3 dimensional, and height is 1 
dimensional, they reasoned that surface would equal 
..Ywt. X ht. X K, or vwt. X ht. X K. 
When they applied these formulae to the data obtained from molds 
and from their linear formula, they found that the two formulae gave 
an error with a difference in sign, and therefore intermediate values 
were tried. They found that the formula 
.drea = Wt. 0 .425 X Ht. 0 ·725 X 71.84 
fitted their data best, with a maximum error of± 5 per cent, and an 
average error of ± 1.5 per cent. 
These formulae based on weight, or height and weight, are appli-
cable only to persons of similar or usual shape. For persons of unusual 
shape, a formula based on more extensive measurements must be used. 
In 1906, Letulle and Pompilian15 published a linear formula which was 
later used by Du Bois and his associates, and recently by Worner. 
With the linear formulae, one calculated the area of different parts 
from the length and average circumference. Worner does not quote 
the work of either the French or the American investigators, but his for-
mula is based upon the same mathematical principle. 
The accuracy of the methods used on humans is usually determined 
by comparing the results obtained by molds, by comparing the results of 
repeated measurements on the same individual, or by applying the 
method to objects of known area. The Du Bois linear formula, when 
compared with the results obtained by molds, was accurate within 
±3 per cent, the average error being 1.3 per cent. The height-weight 
formula when applied to the same data gave an error of not more than 
± 5 per cent, the average being ± 1.5.10 Worner's linear formula was 
accurate to within ±3 per cent when compared with results obtained by 
SuRFACE AREA AND METABOLIC RATE IN YouNG WOMEN 9 
moldsP Benedict's method was not checked by molds, but when 
com pared with the Du Bois linear formula, it agreed within ± 5 per cen t.t 
Boyd and Scammon reported that their method of making molds, when 
checked by repeated determinations on the same individual, indicated 
an error of not more than 2 per cent. · 
Significance of Area 
The significance of the relation between area and metabolism is not 
known. The early physiologists calculated that at least 80 per cent of 
heat loss was through the skin, and that heat was produced in the body 
to keep pace with heat loss. They thought of the body as surrounded by a 
cooler medium and tending to cool according to Newton's law. However, 
it has been known since the time of Rubner that the body continues to 
metabolize in environments warmer than body temperature. Further-
more, the heat produced as a by-product of muscular work is far in 
excess of that needed to maintain body temperature. The problem of 
most individuals in warm and temperate climates is to get rid of the 
excess heat inevitably produced, rather than to metabolize enough to 
keep warm. Since the skin is a physiological organ, which can regulate 
heat loss within wide limits, it might be as logical to take the view that 
heat production is the cause of heat loss, as that heat loss is the cause 
of heat production. 
Benedict is opposed to using area as a unit of reference, since he 
believes that it gives an impression of a causal relationship which does not 
exist. In his studies on normal adults, he found that surface was only 
slightly better than weight as a unit for comparing individuals, and he 
makes the further criticism that in homogeneous groups some variations 
in metabolism are found. 
Murlin states that causal relations do not "trouble the practical 
physiologist so long as the generalization that human beings of different 
size produce heat in proportion to surface rather than weight, and 
therefore require energy in proportion, helps him to understand his 
feeding problems; and there is no doubt that the law of surface area has 
been immensely useful in this connection." Du Bois and also Lusk 
express similar views. Murlin also points out that Benedict's subjects 
were very similar in weight, and therefore in surface, and that if Bene-
dict had been comparing individuals of widely differing weight, he would 
have found surface distinctly better than weight as a unit of reference. 
Another group of investigators11 has taken the attitude that 
metabolism is proportional to area because area is proportional to some 
more fundamental factor. As pointed out previously, area is proportional 
to blood volume7•2t, cross-sections of the aorta and trachea7, body 
nitrogen2t, vital capacity20 and area of intestines24• It has not been 
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demonstrated yet what relation exists between any of these and the 
rate of metabolism. 
REASONS FOR THIS INVESTIGATION 
Very few women have been used as subjects for determining area, 
and the accuracy of the DuBois height-weight formula and the various 
linear formulae for normal women has not been adequately tested. 
An examination of the data presented by various investigators since 
the time of Meeh shows that measurements have been made upon more 
than fifty infants and small children, at least fifty adult men, but only 
ten adult women. Du Bois8 quotes data of Bouchard1 on one normal 
woman and one very thin woman. Du Bois' subjects included one very 
fat womans and one normal woman9• Benedict used one normal woman, 
one obese woman and two emaciated, diabetic women among his sub-
jects. Worner does not specify sex in all cases, but he presents data on 
two pregnant women, one both before and after delivery. Du Bois 
states that "the number of formulae for surface area determination is 
large, the number of individuals whose area has been measured is small." 
This is especially true when one considers it in relation to normal adult 
women. 
It has been pointed out that the Du Bois linear formula checked 
Du Bois' results by molds within ±3 per cent, and the height-weight 
formula within ±5 per cent, and that Worner's linear formula checked 
his results by molds within ±3 per cent. But when one applies the Du 
Bois height-weight formula to Worner's subjects as measured by molds, 
the error is ± 10 per cent, and slightly greater variations are obtained 
if one compares the results from the height-weight formula with those 
from Worner's linear formula. It must be noted that Worner's subjects 
include wide variations in age, size and state of health, and therefore 
probably represent a maximum variation. Eleven of his nineteen deter-
minations agree within ±3 per cent with the Du Bois height-weight 
formula. The larger variations cannot be accounted for by referring to 
the description of the subjects. For instance, the Du Bois formula 
agrees with the mold in the case of one pregnant woman both before 
and after delivery, but varies more than 8 percent in the case of the other 
pregnant woman. Again, one obese subject (Case 13), in contradistinc-
tion to other obese subjects, gives a large negative error. Furthermore, 
there is no apparent reason why the case with heart failure should show 
a larger positive error after he was tapped than when he was tremendous-
ly heavy with edema. It would seem that it ought to be possible to 
correlate variations from the Du Bois formula, which obviously would 
apply exactly to only the normal or average subject, with variations 
from the normal shape. 
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Recently, Brody5 and his associates devised an instrument called 
the surface integrator which makes it possible to measure directly the 
area of a large number of individuals, since the time needed for measure-
ment with this instrument is much less than for any other method. 
This integrator has been used extensively on domestic animals, and has 
been proven accurate for dairy cows.12 
It has been stated before that our chief interest in surface area is in 
its use as a standard of reference in expressing basal metabolism. It 
has been noted in severallaboratories~·18 that the basal metabolism of 
young women averages from four to nine per cent below the accepted 
standards, and that the average variation from the Aub-Du Bois 
standard is greater than from the Harris-Benedict or the Dreyer stand-
ards. The last two are not based upon area directly but are derived from 
height and weight, the data from which area is calculated, and are 
expressed in terms of Calories per twenty-four hours. It seemed possible 
to the writer that the accepted formula for area10 did not apply as 
accurately to women as to men, since it was based principally upon 
data obtained from men; and it may be that women are sufficiently 
dissimilar in shape to make a modification of the formula necessary. 
The object of this study is to determine to what extent area, cal-
culated according to the Du Bois formula, is accurate for normal young 
women, or whether direct measurement of area is desirable in order to 
determine basal metabolism in terms of Calories per square meter per 
hour. 
EXPERIMENTAL METHODS 
Methods for Determining Surface Area 
Forty-seven young women taken at random from University classes 
were measured and their surface area calculated. Table I, which con-
tains a description of the individual subjects, shows the following dis-
tributions: 
DISTRIBUTION OF SUBJECTS WITH RESPECT TO HEIGHT AND WEIGHT 
Height Weight 
Inches Cases Pounds Cases 
58.1 to 60 1 81-100 4 
60.1 to 62 6 101-120 16 
62.1 to 64 15 121-140 18 
64.1 to 66 14 141-160 5 
66.1 to 68 9 161-180 3 
68.1 to 70 2 181-200 0 
201-220 1 
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DISTRIBUTION OF SUBJECTS WITH RESPECT TO AGE AND V A RIATION 
FROM NoRMAL W EIGHT 
Age Variation from Normal Wt. 
Years Cases Per Cent Cases 
16-20 15* - 29.9 to -20 3 
21-25 19 -19.9 to -10 6 
26-30 5 - 9.9 to 0 20 
31-35 7 + 0.1 to 10 10 
36-40 1 + 10.1 to 20 5 
+ 20.1 to 30 1 
+30.1 or more 2 
*Only three were under eighteen years 
Each of the methods described below was applied to these subjects. 
(1) Direct measurement by surface integrator-The integrator 
consists of a metal cylinder attached to a revolution counter12• (See 
Fig. I ) From the area of the cylinder and the number of revolutions, 
the surface area can be calcula ted. A brass cylinder which had an outside 
diameter of 4 em. and was 4 em. wide was used in this study. The inte-
grator was used on all parts of the body except the head, the area'of 
which was calculated according to Du Bois' linear formula, and the 
fingers and toes which were wound with a centimeter tape line. A 
D 
5URFACE INTEGRATOR 
Figure 1.-The Surface Integrator 
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great deal of preliminary work was done to check the accuracy of the 
method. The left and right sides were measured separately, both sides 
were measured twice on the same day, and the same subjects were 
measured several times at intervals of a few days. A mold was made on 
one subject only (Subject No. 23; area by mold, 1.56; by integrator, 
1.57). Determinations were made with the subject standing and lying, 
and with vertical and horizontal movements of the integrator. None of 
these variations affected the total result. The preliminary studies were 
made with the subject dressed in a one-piece bathing suit. After com-
paring the measurements of several individuals so dressed with those 
obtained with the subject nude, it was seen that the bathing suit con-
stricted the trunk, (see Table II). These data were not used. In the 
final study, (Tables III, IV, V, VI) all measurements were taken with 
the subject nude. The left and right sides were measured separately, 
and if they did not check, the subject was re-measured. 
(2) Area by the DuBois Linear Formula-In order to use this 
formula, it is necessary to take nineteen measurements with the sub-
ject lying on a flat surface. Theoretically, the length of each part times 
the average circumference should give the area, but in order to fit 
the data obtained by molds, Du Bois found it necessary to correct by 
multiplying the area of each part by a different constant8• (See Fig. 2). 
Head: AB 0.308 
Af'lms: F(G+H+I) 0.6!1 
Hands=Ji-< 2.22 
Trunk.:. L <M+N)O. 703 
Thiehs= W(P+Q)0.652 
Legs = RS 1.40 
Feet =T(U+V) 1.04 
Du Bois Formula 
Figure 2.-The DuBois Linear· Method. 
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(3) Area by the Womer Linear Form.ula27- This formula is based 
upon measurements which are slightly different from those of the Du 
Bois formula. It is necessary to take seventeen measurements for this 
formula, and the calculation is somewhat simpler since no constants are 
used. Measurements are taken from the back with the subject standing, 
arms outstretched. (See Fig. 3). The area for each part except the 
head, is obtained from the formula for the area of a cone. When C is the 
maximum circumference, and C' the minimum circumference, and S the 
length 
The head and neck 
Area= (C + C') S. 
2 
4D2, when D is the average of three diameters. 
Head and nect<= 4 D~ 
2 Arms 
2 Legs 
'2 Feet 
=-(c +c') s. 
=(c+c')s. 
-=(c+c'Js. 
Upper trunk =(e-tc')~· 
Lower trunt< =(etc')~· 
WaPner Formula. 
Figure 3.-The Worner Linear Method 
( 4) Area by the Du Bois Height-Weight Formula-The area accord-
ing to the formula 
drea = Weight0•425 X Height0 •725 X 71.84 
was obtained from a chart in which weight is plotted by half kilograms 
and the height by centimeters. The fact that this chart could be read 
accurately to three significant figures was determined by taking five 
cases at random and calculating are~ from the formula by five-place 
logarithms. 
Comparison of Methods-The area, by methods 1 to 3, was calcu-
lated to the fourth decimal place, but since it is not necessary for use 
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in metabolism data to use more than two decimal figures, the results 
are recorded in all cases to two decimal figures. The results, obtained by 
methods 2 to 4, were compared with the area by the integrator, and the 
percentage of deviation calculated. The percentage of deviation of the 
area by methods 1 to 3 from the area by the Du Bois height-weight 
formula was also calculated. 
Method of Determining Basal Metabolism 
Sixteen subjects whose area had been measured were selected for a 
metabolism study. This group was planned to include some whose area 
was similar by all methods, and some whose area, as measured by the 
integrator, differed markedly from the area calculated by the Du Bois 
formula. The group varied in age from nineteen to thirty-three; the 
average was twenty-six. 
The usual precautions were taken to secure basal metabolism1•25. 
Most of the determinations were made in the morning when the sub-
ject had had no food for at least twelve hours previously. A few were 
made in the afternoon six hours after a light breakfast. A half-hour rest 
period preceded the test. Data on height, weight, age, body temperature, 
heart rate, blood pressure and vital capacity were taken to establish 
the normality of the subjects. 
The Benedict New Portable Respiration Apparatus25 was used, and 
calculations were made according to Carpenter's tables. 6 Two stop 
watches were used and two test periods of seven to ten minutes each, so 
that four sets of data were obtained. MacLeod's procedure was followed, 
in that the results of the four periods were averaged when there was not 
more than five per cent difference between the highest and lowest. 
If the periods did not check within five per cent, the data were discarded. 
Only two or three determinations on separate days were made on some 
who had served as subjects for other studies, but four to six determina-
tions were made on those to whom the test was new. Results within 
five per cent of the lowest were averaged. Each test was an average of 
four sets of data and from two to five tests made on different days were 
averaged. The tests, averaged, did not differ more than five per cent 
from the lowest values. 
DISCUSSION OF RESULTS 
The areas measured by the integrator averaged 1.8 per cent less 
than the areas calculated by the Du Bois height-weight formula, and 
averaged approximately the same as those obtained by the Worner 
linear formula. The areas obtained by the Du Bois linear formula aver-
aged 5.7 per cent above the areas measured by the integrator and 3.8 
per cent above the areas calculated by the DuBois height-weight formu-
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la. The results are given in full in Tables III, IV, V and VI and Figures 
4 and 5, and are summarized in the following table. 
CoMPARISON OF AREA BY ALL METHODS 
Percentage Deviations from Integrator 
Formula ~-- With Regard Without Regard 
and to Sign to Sign 
No. Cases Range 
Standard Prob- Standard Prob-
Devia- able De via- able 
Mean tion Error Mean tion Error 
Worner 
linear-47 -6.8 to+ 7.3 -0.2 3.2 0.32 2.71 1.75 0.17 
DuBois 
linear-47 -1.2 to +13.0 +5.7 3.2 0.32 5.60 2.93 0.28 
DuBois 
ht.-wt.-47 -4.9 to+ 9.7 +1.8 2.6 0.25 2.63 1.86 0.18 
5 
5 v 
0 ~ -4 ·2 0 2 4 6 8 10 0 2 4 G 8 10 12 14 -b ·4 -2 0 ·z 4 G 8 DuBois Height·Weight Du Bo1s J...inear Worner Lineor 
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Figure 4.-Variation of Results by Different Methods of Area Determination. 
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Figure 5.-Comparison of Integrator With Other Methods. 
A study of the data shows that Worner's linear formula, which 
does not contain constants, is comparable with the integrator, and that 
the Du Bois height-weight and linear formulae give results somewhat 
too high for normal young women. A slight modification of the con-
stants is needed to make them applicable to women. Takahira found it 
necessary to make a slight modification of the constant in the Du Bois 
height-weight formula in order to make it apply to Japanese men with 
the same degree of accuracy as to DuBois' subjects. 
It seems probable that a greater variation from any formula would 
be observed in a group of women than in a group of men, due to the 
greater variation in shape. In this study the range of deviation from all 
of the formulae used was approximately the same, and no new formula, 
based on the data obtained by the integrator, is suggested at this time. 
When the weight and surface area are plotted on logarithmic paper, 
there are considerable deviations from a straight line using all methods. 
The areas measured by the integrator, however, show some to be slightly 
nearer to a straight line than are the areas calculated by either of the 
linear formulae. The line of best fit for the integrator data gave ap-
proximately the same exponent as that reported by Elting12• Further-
more, when the data were plotted to determine the exponents for a 
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height-weight formula, the values obtained were similar to those of Du 
Bois, but again there was considerable divergence from straight lines. 
Further evidence of the accuracy of the integrator is found in the 
data collected on basal metabolism and in their comparison with the 
standards for prediction which are found in Table IX. The average 
deviation from all standards is similar when the area obtained by means 
of the)ntegrator is used; but when the area calculated with the Du 
Bois height-weight formula is used the average deviation is about 
2 per cent greater from the Aub-Du Bois standard than from the other 
standards. This is in accord with the results of MacLeod and Rosels 
and other investigators,11 • 2 all of whom found greater variation from the 
Aub-Du Bois standards than from others in the case of young women. 
EFFECT OF DIRECT MEASUREMENT OF AREA UPON DEVIATION FROM 
AccEPTED METABOLISM STANDARDS 
-~i 
% Deviations from Standards 
Aub- I Harris-DuBois Benedict Dreyer 
Investi- No. Cal. per Sq. 
gators Cases Age M. per Hour A* B** A* B** A* B** 
This study 16 19-33 (a)34. 7 8.4 -6.1 
(b)33.9 10.2 -8.3 8.4 -6.1 7.7 -5.1 
MacLeod 
& Rose 42 j 20-29 33.8 10.2 -8.5 8.2 -5.4 8.1 -4.8 
Blunt & 
Dye 17 24-44 34.2 -6.5 -4.1 
*Column A, without regard to sign; **Column B, with regard to Sign. 
(a) Using area measured by the integrator, instead of Du Bois height-weight formula. (b) Using area calculated by DuBois height-weight formula. 
Krogh has suggested a modification of the Du Bois standards which 
Du Bois states is probably better than the original standards, provided 
Krogh's procedure is followed. DuBois says further that Krogh insists 
upon "stricter requirements than those usually employed. He demands a 
previous diet low in protein, rich in carbohydrate, and repeated short 
period tests until minimal figures are obtained." The data on women 
students in the University of Missouri, and also in Columbia University, 
and in the University of Chicago, are more in accord with Krogh's 
standards than with those now in use. A summary of more than three 
hundred tests on sixty-seven University of Missouri women, studies 
extending over a period of four years, is given in Tables VII, VIII and 
IX. 
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BASAL METABOLIS M OF UNIVERSITY OF MISSOURI WOMEN 
I Av. Age Cal. per Sq. Table No. Subjects No. Tests M. per Hour 
VII 30 115 22 34.8 
VIII 21 138 23 35.0 
IX 16 48 26 {33 .9 
34.7* 
Average--------------------------------------------- -- -----------34.6 
*Area by the integrator 
KROGH's STANDARDS FOR YouNG WoMEN11 
Age 
19-20 
20-22 
22-24 
24-26 
26-30 
30-35 
Cal. per Sq. M. per Hour 
35.9 
35.4 
35 .0 
34.8 
34.5 
34 .2 
Average _____ ______ __ _____________ ___ ------------------34.9 
The difference between the Aub-Du Bois standards and Krogh's 
modification of them probably represents the difference between the 
procedure in clinics and in experimental laboratories. In the clinics, 
fewer tests are performed on each individual, and therefore these tests 
do not represent basal metabolism as nearly as the tests performed in re-
search laboratories where repeated tests are made and only the lower 
values averaged. In general, the data from clinics agree with the Aub-
Du Bois standards11• Du Bois notes an added reason why his standards 
are slightly higher than those of Harris-Benedict or Dreyer. They were 
formulated earlier, when there were less data and the conditions for 
basal metabolism were not as well defined. Enough data have been 
accumulated now on the basal metabolism of women twenty to thirty 
years of age to show that Krogh's modification of the Aub-Du Bois 
standards fits the data better than the standards now in use. 
An examination of the data suggested the possibility of some corre-
lation between the percentage variation from the area calculated by the 
DuBois height-weight formula and the percentage variation from normal 
weight. The coefficient of correlation was calculated and proved to be 
0.43-0.80. The coefficient of correlation between the percentage 
variation from the Aub-Du Bois standards and the percentage variation 
from normal weight was computed also and found to be 0.35-0.83. 
This would indicate that in both of these cases the degree of correlation 
is moderate, though not marked. 
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SUMMARY 
A critical study was made of the methods of estimating surface area 
in order to determine their reliability when applied to women. No study 
had been made of the surface area of women previously, and it was 
customary to estimate it from formulae derived from measurements upon 
men. In this investigation, the accuracy of the surface integrator for 
human subjects was established by repeated determinations on the 
same subjects. The area of forty-seven women was determined with this 
instrument; and the necessary measurements were taken for the calcu-
lation of the areas of the same subjects by the Worner linear, the Du 
Bois linear and the Du Bois height-weight formulae. The results show 
that the area obtained by the integrator averages the same as the area 
obtained by Worner linear formula, about 5.7 per cent below the area 
obtained by the Du Bois linear formula, and nearly 2 per cent below 
the area obtained by the DuBois height-weight formula. The range of 
deviations was about the same by all formulae and was somewhat 
greater than has been reported for men. 
The fact that the difference between the area by the integrator 
and the area by the Du Bois height-weight formula, though small, is 
significant is indicated by the metabolism study. The basal metabolism 
of sixteen of the forty-seven subjects was repeatedly determined, and the 
average of the data obtained showed about 2 per cent greater deviation 
from the Aub-Du Bois standards than from the Harris-Benedict or the 
Dreyer standards when the Du Bois height-weight formula was used 
to calculate area. When, however, the area was measured by the inte-
grator, the deviation from all standards was approximately the same. 
This study showed that the average basal metabolism was about 
6 per cent below that predicted by all standards used, and the same as 
that predicted by Krogh. This is in accord with previous work which 
the author has done in collaboration with other students, and also with 
the work of other investigators, and therefore offers further evidence 
that all three standards now in use are too high for women of the age 
range studied. 
The results of this investigation indicate that the Krogh modifica-
tion of the Aub-Du Bois standards should be used for prediction of basal 
metabolism of women; that if the DuBois height-weight formula is used 
to calculate surface area of women, a correction of +2 per cent should be 
made; and that the maximum error in applying a formula to women even 
after such a correction is made is ± 7 per cent instead of± 5 percent, the 
error predicted for men. About 70 per cent of the cases studied would 
fall within ±3 per cent and about 95 per cent within ± 5 per cent. 
SuRFACE AREA AND METABOLIC RATE IN YouNG WoMEN 21 
BffiLIOGRAPHY 
!-Benedict, F. G., A Photographic Method for Measuring the Surface 
Area of the Human Body. In Am. Jour. Physiol. XLI (1916), p. 275. 
----Also, The Measurement and Significance of Basal Metab-
olism. Mayo Foundation Lectures on Nutrition. Philadelphia, 
W. B. Saunders Co., 1925. 
2-Blunt, K., and Dye, M., Basal Metabolism of Normal Women. In 
Jour. Biol. Chem. XLVII (1921), p. 69. 
3-Bouchard, C., Traite de Pathologic Genera/e. Paris, 1900, p. m, 
p. 200, p. 384. Quoted by DuBois (8 & 11). 
4-Boyd, E., and Scammon, R. E., A New Method of Estimating the 
Surface Area of the Living Subject Applied to Children. Abstract in 
Anatomical Record. XXXV (1927), p. 5. 
5-Brody, S., and Elting, E. C., A New Method of Measuring S?trface 
Area and Its Utilization to Determine the Relation Between Growth 
in Surface Area and Growth in Weight and Skeletal Growth in Dairy 
Cattle. Missomi Agr. Exp. Sta. Research Bulletin 89 (J 926). 
6-Carpenter, T. M., Tables, Factors and Formulae for Computing 
Respiratory Exchange and Biological Transformations of Energy. 
Ed. 2, Washington, Carnegie Institution, 1924. 
7-Dreyer, A., Ray, B., and Walker, The Size of the Aorta in Warm-
Blooded Animals and its Relationship to Body Weight and to Surface 
Area, Expressed in a Formula. In Proc. Roy. Soc. LXXXVI, 
Series B (1912-1913), pp. 39, 56. Quoted by Du Bois (8). 
8-Du Bois, Delafield and Du Bois, E. F., The Measurement of Surface 
Area of Man. In Arch. Int. Med. XV (1915), p. 868. 
9-Sawyer, M., Stone, R. H., and Du Bois, E. F., Further Measure-
ments of the Surface Area of Adults and Children. In Arch. Int. 
Med. XVII (1916), p. 855. 
10-Du Bois, D., and DuBois, E. F., A Formula to Estimate the Approxi-
mate Surface Area if Height and Weight be Known. In Arch. Int. 
Med. XVII (1916) p. 863. 
11-Du Bois, E. F., Basal Metabolism in Health and Disease. Ed. 2, 
Philadelphia, Lea & Febiger, 1927. 
12-Elting, E. C., A Formula for Estimating Surface Area in Dairy 
Cattle. In Thesis, University of Missouri, (1925); also in Jour. A gr. 
Rsch., XXXIII (1926), p. 269. 
13-Giaja,J., Sur la signfication de la loi des surfaces pour le metabolisme 
de base et pour le metabolisme de sommet. Compt. rend. SOc. de 
Biol. XCII (1925) p. 364. 
22 MISSOURI AGR. ExP. STA. RESEARCH BuLLETIN 109 
14--Howland, D., and Dana, M., .d Formula for the Determination of 
Surface .drea of Infants. In .dm. J. Dis. Ch. VI (1913), p. 33. 
15-Letulle, M. and Pompilian, M., Methode de recherche applicable a 
/'etude de Ia nutrition. In Rev. Soc. Scient. d' hyg. aliment. (1906), 
iii, p. 708. 
16-Lusk, Graham, Problems of Metabolism. Mayo Foundation Lectures 
on Nutrition. Philadelphia, W. B. Saunders Co., 1925. 
17-MacLeod, Grace, Studies of the N ormal Basal Energy Requirement. 
Dissertation, Columbia University. New York, 1924. 
18-MacLeod, G. and Rose, Mary S., .d Comparison of the Basal 
Metabolism of Normal Women with Present Prediction Standards. 
In .dm. Jour. of Physiol. LXXII (1925), p. 236. 
19-Meeh, K., Oberjlachenmessungen des menschlichen Korpers. In 
Ztschr. f. Bioi. XV (1879), p. 425. Quoted by Du Bois (8 & 11). 
20--Moersch, H. J., Vital Capacity of 1,000 Surgical Patients. In 
.drch. Int. Med. XXXVII (1926), p. 128. 
21-Moulton, C. R., Units of Rejerencefor Basal Metabolism and Their 
Inter-relationships. In Jour. Bioi. Chem. XXIV (1916), p. 299. 
22-Murlin, John, Basic Principles of Energy Metabolism. V. III, 
Endocrinology and Metabolism. New York, D. Appleton & Com-
pany, 1922, p. 585. 
23-Pfaundler, M., Korpermass-Studien an Kindern. Z.tschr. f. Kin-
derheilkunde. XIV (1916), p. 1. 
24--von Pirquet, C., System der Ernahung, Springer, Berlin, 1917. 
Quoted by Du Bois (11). 
25-Roth, Paul, Modifications of .dpparatus and Improved Technic 
.ddaptable to the Benedict Type of Respiration .dpparatus. In 
Boston Med. & Surg. Jam·. CLXXXVI (1922), pp. 457, 491. 
26-Rubner, M., Ueber den Enifluss der Korper grosse auf Sto.tf-und 
Krajtwechel-In Ztschr. f. Bioi. XIX (1883), p. 545. Quoted by 
Murlin (22) . 
27- Worner, Hans, Die Oberjlache des Menschlichen Korpers. Ztschr. 
f. d. gesamte exper. Med. XXXIII (1923), pp. 510-526. 
28-Takahira, Report of Metab. Lab. I mper. Govt. I nst. for Nutrition. Ta-
kyo, 1925, V. 1, No. 1, p. 61. Quoted by DuBois (11). 
ACKNOWLEDGMENTS 
The author is indebted to Professors Samuel Brody, Margaret 
C. Hessler and Bertha K. Whipple for advice and assistance in the 
prosecution of this investigation. 
SuRFACE AREA AND METABOLIC RATE IN YouNG WoMEN 23 
TABT.E I.-DESCRIPTION OJ! SUBJECTS 
Height Weight Per cent 
--------
Variation 
from 
Subject Norma! Remarks 
No. Age In . Cm. Lbs. Kgs. Weight* 
---
I 31 64.25 163.0 164.50 74 •. 77 +25 .5 Fat; some folds in skin on trunk 
II 21 64.37 163.5 106 .00 48.25 -15.0 Very slender; boyish form 
III 24 67.25 170 .5 141.50 64 . 25 + 3 .I Tall, angular, but well nourished 
IV 23 64.25 163.0 95.25 43.25 -23 .0 Very thin and undernourished 
v 23 63.50 161 .0 140.25 63 .60 +12.5 Well nourished 
VI 35 62.50 !58 .5 111.50 so . 75 -13 .0 Tall, slender, muscular 
VII 29 66.60 169.0 125 .50 57 .00 - 8 .4 Tall, thin, muscular; prominent joints 
VIII 29 63 .so 161.0 114.50 52 .05 - 9.0 Slender 
IX 18 64 .50 164.0 135.00 61.36 + 9.2 Well nourished 
X 27 62 .90 160 .0 125.00 56.75 0.0 Well nourished 
XI 21 62.50 158.5 136.00 62.00 +11.0 Well nourished 
XII 22 62.00 !57 .5 109.00 49.50 - 9.0 Slender 
XIII 23 62 .50 158.5 115 .50 52.50 - 5.0 Well nourished 
XIV 20 64.00 162.5 103.50 47.05 -17.0 Thin; nervo us 
XV 20 63.00 160.0 109 . 75 50.00 - 9.1 Slender 
XVI 16 65 .00 165.0 121.50 55 .25 - 6.0 Tall, slender; long arms, fingers and feet 
XVII 19 63.50 161 .0 114.50 52.05 - 6.0 Well nourished 
XVIII 17 66 .50 168.7 122.25 55.57 - 7.6 Tall, slender 
XIX 38 66.90 170 .0 156.75 71.30 + 7 .4 Well nourished 
XX 19 65 .so 166.3 138 .00 62.70 + 7.8 Fat; full breasts 
XXI 21 65.10 165.0 127.00 57 .so 0.0 Well nourished 
XXII 20 62.50 158.5 89.00 40.50 -25 . 8 Emaciated 
XXIII 22 65 . 25 166 .0 126 .00 57.50 - 2.4 Poor posture; winged shoulders 
XXIV 28 66 .60 169.0 130.00 59.00 - 5.0 Slender, tall; long arms, hands and feet 
XXV 21 63 .25 161.0 113.75 5 I. 75 - 6 . 7 Somewhat slende r 
XXVI 19 59.00 150.0 96.50 43.86 - 9 .0 Short, muscular; full breasts; broad hips 
XXVII 18 65.10 165 .0 164.50 74.77 +3!.3 Fat 
XXVIII 20 61.20 156.0 90 .50 41.25 -21.8 Small; underweight; nervous; restless 
XXIX 25 64 .25 163.0 124.00 56.25 - 3.0 Well nourished 
XXX 32 66 .75 169.5 132.75 60.34 - 5.8 Well nourished 
XXXI 21 65 . 30 166.0 125 .75 57.00 - 2.6 Well nourished 
XXXII 32 67 .60 171.0 142.25 64.75 0.0 Tall; thin; nervous 
XXXIII 25 63.25 161.0 122.00 55 .45 - 2.0 Well nourished 
XXXIV 22 61.50 156.0 107.50 49 .0U - 8.4 Well nourished 
XXXV 21 66.12 166.8 126.50 57.50 - 3.6 Well nourished 
XXXVI 24 65.12 165.5 110.75 50.34 -14.0 Underweight 
XXXVII 21 63 .50 161.3 128.25 58.25 + 3.6 Well nourished 
XXXVIII 21 63.00 160.0 121.25 55.10 0.0 Well nourished 
XXXIX 20 62.70 159 .0 98 .50 44.75 -18.6 Thin; winged shoulders 
XL 17 67.00 170.0 151.75 69.00 +15.6 Tall; fat; very full breasts 
XLI 24 66.00 167.5 129.00 58.60 - 3.0 Slightly thin 
XLII 32 62.00 157.4 123.75 56 .00 0.0 Well nourished 
XLIII 33 64 .50 164 .0 117. so 53.50 -11.3 Underweight 
XLIV 18 64.20 163.0 216.50 98.00 +78.0 Very fat; full, sagging breasts & abdomen 
XLV 29 61.37 155.5 112 .25 51.00 - 6.5 Slightly thin 
XLVI 32 61.25 155 .5 156.50 71.00 +29.0 Short; fat; full breasts 
XLVII 18 70.00 177 .5 119.00 54.20 -17.4 Very tall; thin; underweight 
*According to tables of Thomas D. Wood, M. D. T eachers College, 1925 
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TABLE H.-COMPARISON OF AREA OF NUDE SUBJECT WITH AREA 0B'l'AINl!J) 
OvER BATHING Sur'!' 
Area DuBois 
Area Integrator 
Subject Number Formula Suit Nude 
XV 1.50 1.35 .1.46 
XXIV 1.68 1.48 1.59 
IV 1.43 1.23 1.37 
XXXIV 1.46 1.32 1.45 
XLVI 1. 71 1.50 1.63 
XIV 1.48 1.26 1.45 
XXIII 1.64 1.49 1.54 
XIII 1.52 1.38 1.54 
XVI 1.60 1.40 1.60 
XII 1.48 1.39 1.51 
XXI 1.63 1.50 1.62 
XXXIII 1.58 1.30 1.52 
XVIII 1.63 1.52 1.61 
XXIX 1.60 1.44 1.55 
VIII 1.53 1.37 1.44 
XI 1.63 1.54 1.57 
XXXIX 1.43 1.25 1.40 
XX 1. 70 1.64 1.68 
XXXII 1. 76 1.66 1. 70 
X 1. 58 1. 51 1.58 
VII 1.65 1.50 1.57 
IX 1.68 1.59 1.69 
XLIV 2.03 1.87 2.13 
XXVIII 1.36 1.26 1.32 
XLVII 1.68 1. 55 1.59 
XIX 1. 83 1. 74 1. 76 
XVII 1.53 1.43 1.59 
XXXI 1.63 1.54 1.55 
Average 1.61 1.46 1.57 
Per cent Variation 
from Du Bois 
Formula -8.8 I -2.0 
SuRFACE AREA AND METABOLIC RATE IN YouNG WoMEN 25 
TABLE IlL-AREA BY SURFACE INTEGRATOR 
- ·-----~- Per Area in Sq. Cm. (Integrator) 
cent 
----,-------
Vari6 
Sur- ation 
face Sur- from 
(Du face Du 
Bois (lnte- Bois Legs 
Subject Date Ht. Wt. For- gra- For- and Fin-
No. 1927 Age Cm. Kg. mula) tor) mula Trunk Arms Feet Head gers Toes 
- ------------
----------I 3/2 31 163 .0 74.77 !. 81 !. 81 0 .0 6459 2690 7038 1138 467 287 
II 3/2 21 163.5 48.25 !.50 !.50 0. 0 5354 2212 5630 1154 427 240 
!II I 3/ 1 24 170.5 64.25 !. 75 !.69 - 3 .4 5730 2589 6738 1161 465 257 
IV 2/ 24 23 163.0 43.20 1.43 !. 37 -4.2 4625 2161 5203 1093 371 194 
v 3/ 3 23 161.0 63.60 !.67 !.62 -3.0 5932 2438 6057 1101 244 428 
VI 2/24 35 158.5 50.75 !. 50 1.47 -2.0 5002 2237 5831 1080 370 222 
VII 2/17 29 169. 0 57.00 1.65 1.57 -4.8 5354 2237 6284 1060 457 273 
VIII 2/16 29 161.0 52.05 !. 53 1.44 -5.9 5077 2162 5454 1062 417 240 
IX 3/4 18 164.0 61.36 1.67 1.66 - 0.6 5429 2665 6611 1158 435 253 
X 2/18 27 160.0 56.75 I. 58 !.59 +0.6 5304 2438 6409 1070 432 242 
XI 3/3 21 158 .5 62.00 !. 63 1.57 -3. 7 5579 2262 5932 1245 444 247 
XII 3/4 22 157. 5 49.50 1.48 !.51 +2 .0 5278 2387 5705 1090 403 244 
XIII 3/5 23 158.5 52 . 50 !.52 1.54 +!.3 5329 2237 6158 1010 408 257 
XIV 3/ 5 20 162 .5 47.05 1.49 1.45 -2.7 4851 2212 5630 1159 398 248 
XV 3/ 3 20 160.0 50.00 1.50 1.46 -2 .7 4700 2186 6032 1069 399 228 
XVI 3/7 16 165.0 55.25 1.60 !.60 0.0 5429 2312 6384 1193 435 282 
XVII 3/8 19 161.0 52.05 1.54 !.54 0.0 5027 2463 6233 1081 399 215 
XVlll 3/8 17 168.7 55.57 1.64 1.62 -1. 2 5354 2488 6485 1138 448 241 
XIX 3/7 38 170 .0 71.30 I. 82 I. 79 -1. 7 6233 2610 7289 1120 426 229 
XX 3/9 19 166 . 3 62.70 I. 70 1.72 + !.2 5881 2662 6736 1156 456 270 
XXI 3/9 21 165 .0 57.50 1.63 1.61 - 1. 2 5354 2387 6535 1156 414 250 
XXII 3/ 12 20 158.5 40.50 !. 36 1.24 - 8 .8 4372 1834 4751 953 341 171 
XXlll 3/14 22 166.0 57 .so 1.60 1.57 -1.9 5027 2463 6459 1056 414 260 
XXIV 3/16 28 169 .0 59 . 00 1.68 1.59 -5.4 5329 2312 6686 1045 374 214 
XXV 3/ 15 21 161.0 51.75 1.53 1.49 -2 . 6 5027 2212 5881 1141 382 210 
XXVI 3/ 15 19 150 .0 43 . 86 I. 33 1.29 -3.0 4550 1809 4977 1022 344 181 
XXVII 3/15 18 165.0 74. 77 1.82 1.86 +2.2 6384 2765 7630 1146 400 249 
XXVIII 3/16 20 156 .0 41.25 1.36 1.32 -2.9 4876 1910 4751 970 387 330 
XXIX 3/17 25 163.0 56.25 1.60 !.57 -1.9 5479 2362 5881 1274 463 281 
XXX 3/18 32 169.5 60.34 !. 70 1.65 - 2.9 5579 2564 6636 1138 388 208 
XXXI 3/18 21 166.0 57.00 1.63 1.55 -4.9 5379 2463 5831 1170 444 252 
XXXII 3/18 32 171.0 64.75 I. 76 I. 70 -3 .4 5831 2610 6786 1056 470 239 
XXXIII 3/ 17 25 161.0 55.45 1.58 1.53 -3. 2 5278 2212 6133 1056 348 211 
XXXIV 3/ 19 22 156.0 49.00 1.46 1.45 -0. 7 4826 2061 5730 1108 435 256 
XXXV 3/20 21 166.8 57.50 1.64 1.60 -2.4 5780 2312 6233 1085 372 223 
XXXVI 3/21 24 165.5 so. 34 1.55 1.53 -1.3 4977 2312 6233 1160 378 223 
XXXVII 3/22 21 161.3 58.25 1.62 1.60 -1. 2 5881 2312 6057 1101 400 238 
XXXVIII 3/22 21 160 .0 55 . 10 1.57 1.62 +3. 2 5680 2463 6485 1038 356 183 
XXXIX 3/27 20 159 .0 44.75 1.43 1.40 - 2. 1 4851 2136 5379 1042 358 210 
XL 3/23 17 170 .0 69.25 I. 81 1.85 +2 . 2 6485 2660 7540 1119 441 290 
XLI 3/27 24 167.5 58.60 1.66 1.58 -4. 8 5479 2337 6133 1221 411 208 
XLII 3/28 32 157.4 56.00 1.56 1.57 + 0.6 5730 2312 6022 1052 335 223 
XLIII 3/ 28 33 164.0 53.50 1.57 1.57 0 .0 5479 2463 6057 1122 382 224 
XLIV 3/28 18 163 .0 98.00 2.03 2 .13 +4. 9 8670 2890 7841 1186 436 253 
XLV 4 / 4 29 155 .5 51.00 1.48 1.49 + 0. 7 5203 2161 5831 1064 352 260 
XLVI 2/24 32 155 .5 71.00 1.71 1.63 -4. 7 6233 2337 6057 1067 409 237 
XLVII 3/7 18 177.5 54.10 1.68 1,59 -5 .4 5379 2413 6334 1091 454 233 
---------------
Range _ -------------- ---- --------- I. 33 1.24 -8.8 
to to to 
2. 03 2. 13 +4. 9 
Arithmetic Mean _________ ---- ______ 1.60 1.58 - 1.7 
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TABLE IV.-AREA BY DuBors LINEAR FoRMULA 
Subject 
No. 
I 
II 
III 
IV 
v 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
XIV 
XV 
XVI 
XVII 
XVIII 
XIX 
XX 
XXI 
XXII 
XXIII 
XXIV 
XXV 
XXVI 
XXVII 
XXVIII 
XXIX 
XXX 
XXXI 
XXXII 
XXXIII 
XXXIV 
XXXV 
XXXVI 
XXXVII 
XXXVIII 
XXXIX 
XL 
XLI 
XLII 
XLIII 
XLIV 
LV X 
X 
X 
"LVI 
LVII 
i 
-~-
Head Arms 
--
1138 2602 
1154 2171 
1161 2256 
1093 2181 
1101 2481 
1086 2121 
1060 2050 
1062 1999 
1158 2312 
1070 2180 
1245 2220 
1090 2156 
1010 2030 
1159 1943 
1069 1914 
1193 2059 
1081 2098 
1138 2151 
1120 2583 
1156 2451 
1156 2165 
953 1690 
1056 2114 
1045 2255 
1141 2066 
1022 1660 
1146 2356 
990 1634 
1274 2093 
1138 2271 
1172 2150 
1055 2240 
1056 1965 
1108 1900 
1082 2135 
1159 1907 
1098 2080 
1037 2075 
1040 1827 
1117 2340 
1221 2220 
1052 2239 
1120 2020 
1186 2500 
1064 1820 
1067 2290 
1091 2172 
--
Area in Sq. Cm. 
-------
----
Hand&. Trunk Thighs Legs Feet 
-----------
917 6960 3775 2872 1124 
888 6029 3056 2200 1035 
917 7250 3675 2575 1084 
822 5370 2851 2261 943 
782 5585 3559 2124 1077 
676 4997 3511 2413 912 
846 5750 3466 2402 1209 
715 5697 2880 2144 908 
741 6034 3448 2330 1089 
767 6150 3328 2320 1024 
848 6188 3046 2330 1067 
785 5904 3052 2280 1010 
827 5891 3331 2173 1 1086 
776 5439 3214 2130 967 
785 5485 3113 2020 1026 
823 5666 3199 2337 1148 
711 4986 3477 2213 1005 
801 5610 3570 2406 1132 
768 6807 4044 2471 969 
887 6126 3718 2417 1161 
785 5795 3098 2296 1008 
671 4962 2752 2053 824 
756 5325 3684 2473 1017 
705 6545 3930 2300 980 
719 5464 3336 2439 1009 
650 4970 2862 1776 917 
760 6536 3865 2691 1180 
672 4980 2747 1771 937 
802 5762 3539 2255 ll08 
808 6247 3761 2320 1017 
788 5860 3212 2260 1078 
834 6250 3680 2500 1117 
712 5790 3800 2000 988 
723 5695 3065 2095 1025 
728 6320 3480 2162 983 
719 5505 3681 2156 964 
818 5880 3335 2270 1095 
677 5940 3360 2042 904 
664 5200 2975 2061 915 
731 6680 3618 2645 1132 
765 6210 3270 2180 110Ll 
718 6140 3421 2078 952 
680 5251 2276 3450 1009 
856 10380 3843 2596 1286 
699 5285 3015 2046 1011 
7uO 6780 3936 2373 988 
872 5800 3557 2462 1053 
-----------
R ange--------------------------------------------------
A rithmetic Mean __ ------------------- __ -- - --------------
Area 
Area DuBois 
Total For-
Sq. M. mula 
--
1.94 I. 81 
1.65 1.50 
1.89 I. 75 
1. 55 1.43 
1.67 1.67 
1.57 1.50 
1.68 1.65 
1.54 1.53 
I. 71 1.67 
1.68 1.58 
1.69 1.63 
1.63 1.48 
1.64 1.52 
1.56 1.49 
1.54 1.50 
1.64 1.60 
1.56 1.54 
1.68 1.64 
1.88 1.82 
I. 79 I. 70 
1.63 1.63 
1.39 1.36 
1.64 1.60 
I. 78 1.68 
1.62 1.53 
1. 39 I. 33 
I. 85 1.82 
1. 38 1. 36 
1.68 1.60 
1. 76 1.70 
1.65 1.63 
1.77 1. 76 
1.63 1.58 
1.56 1.46 
1.69 1.64 
I. 61 1.55 
1.66 1.62 
1.60 1.57 
1.47 1.43 
1. 83 1. 81 
1. 70 1.66 
1.66 1.56 
1.58 1.57 
2 . 26 2 .03 
1.49 1.48 
1. 78 1.71 
1. 70 1.68 
--
1.39 1.33 
to to 
2 . 26 2 . 03 
1.69 1.60 
Per cent 
Variation 
from 
DuBois 
Formula 
+ 7.2 
+10.0 
+ 8.0 
+ 8.4 
0 .0 
+ 4.7 
+ 1.8 
+ 0.7 
+ 1.8 
+ 6.3 
+ 3.7 
+10.0 
+ 8.0 
+ 4 . 7 
+ 2.7 
+ 2.5 
+ 1.3 
+ 2.4 
+ 3.3 
+ 5.3 
0.0 
+ 2 .2 
+ 2.5 
+ 6.0 
+ 5.9 
+ 4.5 
+ 1.6 
+ 1.4 
+ 5.0 
+ 3.5 
+ 1.2 
+ 0 .6 
+ 3.1 
+ 6.8 
+ 3 .0 
+ 3.9 
+ 2.5 
+ 1.9 
+ 2.8 
+ 1.1 
+ 2 .4 
+ 6.4 
+ 0.6 
+11.3 
+ 0.7 
+ 4.1 
+ 1. 2 
0.0 
to 
+11.3 
+ 3.8 
Per cent 
Variation 
from 
Integrator 
+ 7.2 
+10 . 0 
+12 .0 
+13.0 
+ 3.1 
+ 6 . 8 
+ 7. 0 
+ 7.0 
+ 3.0 
+ 5 . 4 
+ 7.6 
+ 7.4 
+ 6.5 
+ 7 .6 
+ 5 . 5 
+ 2.5 
+ 1.3 
+ 3.6 
+ 5 .0 
+3 .9 
+ 1.2 
+12 . 1 
+ 4.3 
+11.9 
+ 8.7 
+ 7.8 
- 0 .5 
+ 4.5 
+ 7 .0 
+ 6.6 
+ 6.4 
+ 4 . 1 
+ 6 . 5 
+ 7.6 
+ 5.6 
+ 5.2 
+ 3.7 
- 1.2 
+ 5.0 
- 1.1 
+ 7.6 
+ 5.7 
+ 0.6 
+ 6.1 
0 .0 
+ 9 . 2 
+ 6.9 
- 1.2 
to 
+13.0 
+ 5.7 
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TABLE V.-ARF.A BY WoRNER's LINEAR FoRMULA 
,- Compared With Compared With Area in Sq. Cm. Du Bois Formula Integrator 
--,------- ------------Per cent Per cent 
Devia~ De via-
Total Area tion from Area tion from Subject Upper Lower Area Du Bois Du Bois I nte- lnte-No. Head Arms Legs Feet Trunk Trunk Sq. M. grater grater 
------------------------I 1436 3500 6830 1250 2980 1982 1. 80 1. 81 -0 .6 1.81 -0.6 II 1398 3356 5573 1151 3370 1278 1. 61 1.50 +7.3 1. 50 +7.3 Ill 1475 3509 6710 1212 3420 1360 1.77 1. 75 +1.1 1.69 +4.7 IV 1429 2985 5119 961 2700 1403 1.46 1.43 +2.1 1. 37 +6 .6 v 1429 3567 6037 1130 1305 3174 1.66 1.67 -0 .6 1.62 +2.5 VI 1429 3065 5561 1029 2737 1246 1. 51 1.50 +0.7 1.47 +2.7 VII 1369 3120 5960 1286 3120 1080 1. 59 1. 65 -3 .6 1. 57 +1.3 VIII 1429 2980 5480 993 2880 1132 1.49 1. 53 -2.6 1.44 +3.5 IX 1429 3621 6520 1166 3126 1272 1.71 1. 67 +2.4 1.66 +3 .0 X 1382 3037 5755 1086 2800 1208 1. 53 1. 58 -2.8 1. 59 -3 .8 XI 1505 3441 5803 1120 2742 1100 1. 57 1. 63 -3.7 1. 57 0.0 XII 1340 3176 5758 1138 2568 1414 1.54 1.48 +4.0 1. 51 +2.0 xrrr 1300 3075 5486 1151 1306 2770 1.51 1. 52 -0 .7 1.54 -1.9 XIV 1369 2985 5440 1000 2610 1342 1.48 1.49 -0 .7 1.45 +2.1 XV 1369 2962 5470 1021 2972 954 1.49 1. 50 -0 .7 1.46 +2.1 XVI 1506 3105 6006 1232 2664 1291 1. 58 1.60 -1.3 1.60 -1.3 XVII 1398 2993 5720 1081 2485 1516 1. 52 1. 54 -1.3 1.54 -1.3 XVlll 1414 3180 6000 1206 2838 1236 1. 59 1.64 -3.1 1.62 -1.9 XIX 1429 3557 6738 1161 3392 1177 1. 81 1. 82 -0 .5 1. 79 +1.1 XX 1414 3189 6068 1219 1336 3235 1. 65 . 1. 70 -2.9 1.72 -4.1 XXI 1325 3114 6013 1079 2972 1452 1. 60 1.63 -1.8 1.61 -0 .6 XXII 1240 2714 4690 925 2528 973 1. 31 1.36 -3.7 1. 24 +5.6 XXIII 1313 3055 6220 1132 2585 1131 1.54 1.60 - 3.8 1.57 -1.9 XXIV 1325 3111 6080 977 2845 1807 1. 62 1.68 -3.6 1.59 +1.9 XXV 1459 2746 5672 1015 2856 1297 1. 51 1. 53 -1.3 1.49 +1.3 XXVI 1310 2461 4815 960 2356 1080 1. 30 1. 33 -2 .3 1. 29 +0 .8 XXVII 1414 3235 6715 1224 3352 1264 1. 72 1.82 -5.5 1.86 -6.4 XXVII! 1254 2287 4460 1997 2765 1190 1. 30 1. 36 -4.4 1.32 -1.5 XXIX 1618 3137 5622 11 58 3127 1300 1.60 1.60 0 . 0 1.57 +1.9 XXX 1459 3231 6180 1119 3158 1094 1. 62 1. 70 -4 .9 1. 65 -1.8 XXXI 1448 2948 5830 1113 2950 1402 1.57 1.63 -3.7 1, 55 +1.3 XXXII 1352 3250 6640 1195 3160 1465 1.71 1.76 -2.8 1. 70 +0.6 xxxrrr 1284 2760 5770 988 2935 1232 1. 50 1.58 -5.1 1. 53 -2 .0 XXXIV 1414 2655 5250 1074 2960 922 1.43 1.46 -2.1 1.45 -1.4 XXXV 1520 3030 5730 1025 2830 1363 1.55 1.64 -5 . 5 1.60 -3.1 XXXVI 1568 2653 5621 994 2459 1504 1.48 !.55 -4 .5 1.53 -3.3 XXXVII 1398 3000 5730 1086 2955 1330 1 . 55 1.62 -4.3 1.60 -3.1 XXXV Ill 1254 2995 5680 1165 2782 1208 1.51 1.57 -3 .8 1. 62 -6.8 XXXIX 1325 2563 5080 943 2608 1047 1.36 1.43 -4.9 1.40 -2.9 XL 1459 3442 6530 1168 3515 1568 1.77 1.81 -2 . 2 1.85 -4.3 XLI 1505 3055 5940 1154 3100 1346 1.61 1.66 -3 .0 1. 58 +1.9 XLII 1313 2887 5990 931 3461 822 1.54 1.56 -1.3 1.57 -1.9 XLIII 1459 2716 5730 1000 2838 1382 1.51 1.57 -3.8 1.57 -3 . 8 XLIV 1414 3710 7610 1192 4260 1995 2.02 2.03 -0.5 2.13 -5.1 XLV 1414 2685 5387 1018 2828 1096 1.44 1.48 -2 . 7 1.49 -3.4 XLVI 1369 3465 5930 102513280 I 1888 1. 70 1. 71 -0 .6 1.63 +4.3 XLVII 1414 3203 5965 1143 3035 1196 1.60 1.68 -4 .8 1.59 +0 .6 
-- --------------------
---Range 
-------------- ----------------------------
1.30 1.33 -5 .5 1.24 -6.8 
to tO to to to 
2.02 2.03 +7.3 2.13 +7.3 Arithmetic Mean--------------------------------- 1.57 1. 60 -2 .0 1.58 -0.2 
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TABLE VI.-AREA BY ALL METHODS CoMPARED WrTH INTEGRATOR 
Du Bois Formula Du Bois Linear WOrner Linear 
Per cent Per cent Per cent 
Subject No. Integrator Area Deviation Area Deviation Area Deviation 
I 1.81 1.81 0.0 1.94 + 7.2 1.80 -0.6 
II 1.50 1.50 o.o 1.65 +10.0 1.61 + 7.3 
Ill 1.69 I. 75 +3.5 1. 89 +12.0 1.77 +4. 7 
IV 1.37 1.43 +4.4 !.55 +13.0 1.46 +6 .6 
v 1.62 1.67 +3 . 1 1.67 + 3.1 1.66 +2.5 
VI 1.47 !.50 +2.0 1.57 + 6.8 1.51 +2 .7 
VII 1.57 1.65 +5.1 1.68 + 7.0 1.59 +1.3 
Vlll 1.44 1.53 +6.2 1.54 + 7.0 1.49 +3 .5 
IX 1.66 1.67 +0.6 1.71 + 3.0 1. 71 +3.0 
X 1.59 !.58 -0.6 1.68 + 5.4 1.53 -3 .8 
XI 1.57 1.63 +3.8 1.69 + 7.6 1.57 0.0 
XII 1.51 1.48 -2 .0 1.63 + 7.4 1.54 +2.0 
X Ill 1.54 1.52 -1.3 1.64 + 6.5 1.51 -1.9 
XIV 1.45 1.49 +2.8 !.56 + 7.6 1.48 +2 . 1 
XV 1.46 !.50 +2 . 7 1.54 + 5.5 1.49 +2.1 
XVI 1.60 1.60 0.0 1. 64 + 2.5 1.58 -1.3 
XVII 1.54 1.54 0.0 1.56 + 1.3 1.52 -1.3 
XVIII 1.62 1.64 +!.2 1.68 + 3.6 1. 59 -1.9 
XIX 1. 79 1.82 +1. 7 1. 88 + 5. 0 1. 81 +1.1 
XX 1.72 1. 70 -1. 2 1. 79 + 3.9 1.65 -4.1 
XXI 1.61 1. 63 + !.2 1.63 + 1.2 1. 60 -0.6 
XXII 1.24 1.36 +9.7 1.39 +12.1 1. 31 +5.6 
XXIII !.57 1.60 +1.9 1.64 + 4.3 1.54 -1.9 
XXIV 1.59 1.68 +5.7 I. 78 +11.9 1.62 +1.9 
XXV 1.49 !.53 +2 . 7 1.62 + 8. 7 1. 51 +!.3 
XXVI 1.29 1. 33 +3.1 1.39 + 7.8 1. 30 +0.8 
XXVII 1. 86 1.82 -2 . 2 1.85 - 0.5 1. 72 -6.4 
XXVIII 1.32 1.36 +3 .0 1.38 + 4.5 1.30 -1.5 
XXIX 1.57 1.60 +1.9 1.68 + 7.0 1.60 +1.9 
XXX 1.65 1. 70 +3 .0 1. 76 + 6 . 6 1.62 -1.8 
XXXI 1.55 1.63 +5 . 2 1.65 + 6 .4 1. 57 +1.3 
XXXII 1. 70 1. 76 +3 . 5 1.77 + 4.1 1. 71 +0.6 
XXXIII 1. 53 1.58 +3.3 1.63 + 6.5 1.50 - 2.0 
XXXIV 1.45 1.46 +0. 7 1.56 + 7.6 1.43 -1.4 
XXXV 1.60 1.64 +2.5 1.69 + 5.6 1.55 -3. 1 
XXXVI 1.53 1.55 +!.3 1.61 + 5.2 1.48 -3.3 
XXXVII 1.60 1.62 +!.3 1.66 + 3.7 1.55 -3 .1 
XXXV Ill 1.62 1.57 -3 . 1 1.60 - 1.2 1. 51 -6 .8 
XXXIX 1.40 1.43 +2 .1 1.47 + 5. 0 1. 36 -2. 9 
XL 1.85 1.81 -2. 2 1.83 - 1.1 1. 77 -4. 3 
XLI 1.58 1.66 +5.1 1.70 + 7. 6 1.61 +1.9 
XLII 1.57 1.56 -0.6 1.66 + 5. 7 1.54 -1.9 
XLIII !.57 1.57 0.0 1.58 + 0.6 1.51 -3.8 
XLIV 2.13 2.03 -4.7 2.26 + 6.1 2.02 -.3 . 1 
XLV 1.49 1.48 -0.7 1.49 0.0 1.44 -3.4 
XLVI 1.63 1. 71 +4.9 1. 78 + 9.2 1. 70 +4. 3 
XLVII 1.59 1.68 +5 . 7 1.70 + 6.9 1.66 +0. 6 
Arithmetic I Mean* 1.58 1.60 +1.8 1.69 + 5 .7 1.57 -0.2 
Standard Deviation* 2.6 3. 2 3 .2 
Probable Error* 0.25 0.32 0.32 
Arithmetic Mean** 2 .63 5.60 2.71 
Standard Deviation** 1.86 2.93 1. 75 
Probable Error** 0.18 0 . 28 0.17 
With regard to sign; **Wit hout regard to sign. 
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TABLE VII.-BASAL METABOLISM OF THIRTY WOMEN STUDENTS* 
Per cent Per cent Av. Basal Variation Av. Variation No. Metabolism from Aub-H t. Wt. from Tests Cal. per Sq. DuBois Subject Age Cm. Kg. Normal Wt. Av. M. per Hour Standards 
F. R. 27 156.7 47.0 -14.2 3 36.2 + 0.5 B.N. 30 153 .2 45.0 -18.2 4 34.5 
- 5.5 S. E. 18 166 .0 41.0 -29.1 3 31.9 
-16.1 O.J. 18 163 .9 46.6 -17.7 2 34.0 -10 .5 N. K. 21 152.7 43.0 
- 9.1 4 31.9 -13.8 H. B. 21 151.0 40.4 -19 .8 4 31.9 
-13.8 J. E. 20 156 .0 47.6 -10 .3 5 38.1 + 3.0 M.R. 26 169.3 62.9 + 0.7 3 36.7 
- 0.8 T.W. 19 157.0 52.1 
- 3.4 5 36.1 - 5.6 M.W. 23 164.4 53.2 
- 9.3 4 35.4 
- 4.3 F. P. 21 158.9 51.8 
- 7.4 2 37.2 + 0.5 A. F. 19 164.2 50.5 
-11.2 2 34.7 
- 8.7 Z. N. 25 160 .8 58.0 + 2.4 3 33.9 
- 8.4 E. G. 20 164.0 63 .0 +10.3 2 36.8 
- 0.5 H.M. 19 156.3 42.9 -19.6 3 41.5 + 9.2 J. M. 19 172 .5 63.6 ' + 2.2 3 35.0 - 7. 9 E. A. 18 152 .5 46.7 . 
- 8.1 4 34 .5 
- 9.2 E.W. 18 165.0 59.1 + 4.0 4 35.0 
- 7.9 H.L. 22 161 .5 57.0 + 1.6 3 31.3 
-15 .4 L. H. 23 150.3 56.7 +10 .6 3 34.0 
- Sol M.H. 25 155.4 48.8 -10.1 4 29.5 -22.8 F.W. 23 161.5 61.8 + 8.0 4 30.1 
-18.6 E. D. 22 153.2 50.6 - 2.6 2 29.7 
- 19.7 A.M. 21 163.9 64.9 +11.8 3 39.6 + 7.0 I. N. 25 161.0 64.2 +12.8 4 35.9 
- 3.0 B.S. 20 157.8 64.5 +19.3 5 31.5 -14.9 L. P. 20 164.5 89.5 +55.5 4 37.9 + 2.4 H. S. 25 158.6 65.0 +16.3 15 33.6 - 9.2 A. G. 19 169.0 103.8 +64.0 4 38.7 + 1.8 A. P. 19 171.0 91.6 +47.5 4 36 .8 
- 3.2 
Range: 18 
-29.1 to 2 29.5 -22.8 to +64.0 to to to 30 15 41.5 9.2 
--Av: 22 + 2.6 3.8 34.8 
- 6.8 
--
Av. Without Regard to Sign. 15.2 8.4 
*Compiled from data obtained in Collaboration with Dr. Harley F. Davis and Dr. Jesse W. White in the Department of Physiology of the University of Missouri. Quoted by permission of Professor C. W. Greene. 
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TABI.E VIIL-BASAI. METABOI.ISM oF TwENTY-ONE WoMEN STUDENTS* 
Per cent 
Per cent Av. Basal Variation 
Av. Variation No. Metabolism from Aub-
Ht. Wt. 
Subject Age In. Lbs. 
from Tests Cal. per Sq. DuBois 
Normal Wt. Av. M. per Hour Standards 
S.D. 19 65.5 130 + 1.6 5 32.6 -14.2 
A. K. 28 65 .5 136 + 2.3 6 34.4 - 7.0 
M.W. 31 62.5 142 +12.7 8 36.1 - 1.1 
E. H. 24 66.0 161 +21.0 5 34.6 - 6.5 
M . C. 23 65.5 131 + 0.7 7 33.7 - 8.9 
B. T. 20 63.0 130 +7.4 8 35.2 - 4.9 
A. L. 25 66.3 135 - 0.7 7 33.2 -10.3 
H. S. 28 62.0 147 +21.5 5 34.0 - 8. 1 
H.M. 20 63.0 163 +34 .7 5 35.8 - 3.2 
M.H. 19 63.5 128 + 4.9 4 32.8 -13.7 
D. M. 23 63.8 105 -16.0 9 37.4 + 1.1 
J. c. 32 61.8 118 - 4.8 9 32.0 -12.3 
B. T. 21 63.0 132 + 8.2 5 38 . 5 + 4.0 
W.G. 24 66.0 148 +11.3 4 38.1 + 3.0 
M.W. 32 62.5 139 +10.3 15 34.8 - 4.6 
M.B.W. 22 61.5 115 - 2.5 5 34.8 I - 6.0 
O.H. 22 62.0 115 - 0.8 6 35.3 - 4.1 
M.S. 21 60.5 120 + 4.3 6 37.1 + 2.7 
M. V. 20 63.0 117 - 3.1 4 34.8 - 6.0 
R.N. 19 67.0 157 +16.3 6 I 34.8 - 8.4 
I. P. 24 65.3 131 + 0.8 9 35.3 - 7.3 
Range: 19 -16.0 to 4 32.6 -14.2 
to +34.7 to to to 
32 15 38.5 + 4.0 
Av: 22.6 I 9.0 
Av. Without Regard to Sign. ) + 6.2 
6 .6 j __ 35_._o _____ 6_. 5 __ 
I 5.5 
*Compiled from data obtained in collaboration with Misses Lawrence and Childers 
in the Home Economics laboratory, 1924 and 1925. 
TABLE IX.-BASAL METABOLISM OF SIXTEEN tpiJN!'!" N o MEN WHOSE SuR FACE w As MEASU RED. A vERAGE OF Two TO FivE TEs T s 
FOR EACH PERSON 
(Not More Than 5 P er cent Difference A mong Test s Averaged) 
---------- ------· - ----
~ 
DuBois 0 ..; ~ 
" -~ !$: 
" Formula Integrator Per cent Deviations from Standards 
A ;; 0 s "> c; ci. ti: 
---- -----
" " e " 
~ 0 e ~ " ti: .... z t:l ~ 
" 
~ Po N Aub-Du Bois ~ s 
"" 
~ 0 r ~ 
"' " 
~ ~ Cal. Cal. u ~ ~z ~ " " per per " u ,., ~ .. " Po Po :.0 
" 
~ e 
"" " 
,., ~
-;:; -;:; Sq. M. Sq. M. Area Area lnte- Harris-
" "' ~ ~ " 0 0 " 0~ Area per Hour Area per Hour D u Bois Benedict D reyer rfl «: P... .!:: ~ ti: u u grater 
-----
- - --
- --- - --- --- - -- - - - - - - ---8 29 161.0 51.7 - 9.5 97 . 8 58 164.2 47 .5 1140 1.53 31. 0 1. 44 33 .0 - 16.2 -11.8 - 13 .1 - 11.6 22 20 I58.5 40.5 -25.8 98 . 5 74 154 .8 44 . 9 1076 I. 36 33.0 1. 24 36.2 - 11. 8 - 2. 2 - 13.3 - 10. 2 23 23 I66. 0 55 . 6 - 5 .2 98 . I 65 I75 .3 50. 8 12I8 1.60 31. 8 1.57 32 .4 -I4.I -I2.4 - 13 .I -11. 6 46 32 ISS .5 72.7 + 30 . 6 97 .9 68 202.3 58.6 1405 1.72 34 . 1 1.64 35. 8 - 6.6 - 1.9 - 5.4 - 6. 8 17 I9 I61. 0 51. 6 - 6.6 97.9 58 167 .0 48 . 3 1160 1.53 31.6 1.53 31. 6 - 16 .8 -16.8 - 14 .5 -I4.8 3U 32 169.5 60 .5 - 5 .8 98 .4 62 I86.3 53 . 9 1294 1. 70 31.7 1.65 32.6 -13.2 - 10 . 7 - 7 .4 
- 6.0 4 23 163 .0 44 .0 -22 . 7 98.2 63 179.7 52.0 1249 1.44 36.1 1. 38 37.6 - 2.4 + 1.6 - 2 . 1 + 1.9 24 28 169.0 59 .0 - 5.0 98 .0 68 191.7 55 . 5 1332 1.68 32 . 7 1.59 34.6 - Il.6 
- 6 .5 - 4.9 - 3.7 13 23 158. 7 52.1 - 5 .7 98.5 76 2I8.4 63 . 2 ISIS 1.52 41.6 1.54 41.0 + 12.4 +10 . 8 + 13 . 3 + 13.8 45 29 ISS . 5 51.3 - 5 . 8 98 .0 72 I78 . 7 51.7 1242 1.48 34.9 1. 49 34 . 7 - 5 . 7 - 6 . 2 - 4 . 3 - 3.2 43 33 164.0 53.0 - I2.0 98 .0 70 I87 .0 5+ . 1 1299 1.57 H . S l. 57 34.5 - 5 .5 - 5.5 - 0.9 + 1.3 1 31 163 .0 72.0 + 27.2 98. 1 52 I98 . 8 57.6 1382 1. 78 32.4 I. 78 32 .4 -11.2 -II. 2 - 7 .9 - 8 .0 2 21 163. 5 48 . 3 -15 .0 97 . 7 61 I68 .9 48 .9 1173 1.50 32 .6 1.50 32.6 - I I. 8 -11. 8 -11. 2 - 9 . 7 5 23 161 .0 63.6 +12. 5 98 .2 60 218 . 8 63 . 3 1520 1.67 37.9 1. 62 39 . 1 + 2.4 + 5.7 + 4 .6 + 3 .1 25 21 161.0 51.0 - 8.0 97.8 63 171.6 49.7 1192 1. 52 32.8 1 .48 33 .6 - 11.3 - 9 . 2 - 11. 2 - 10.7 10 27 160.0 57 . 2 + 1.6 98.6 70 184. 2 53.3 1279 !. 59 33.5 1. 60 33 . 3 - 9.5 -10 .0 - 6.8 - 6 .5 
- - --------------- ------------- - -Range: 
19 
- 25.8 
- 16 . 8 - 16.8 -14.5 - 14.8 to to to to to to 33 +30.6 + 12.4 +10.8 + 13.3 +13.8 
- ,-------- ------Av. 26 33 .9 34. 7 
---- ------ ---- 1 Average with regard to sign -4.0 
- 8.3 - 6 .1 - 6.1 - 5. 1 
- --- --------- -------
Average without regard to sign 13.0 10. 2 8 .4 8.4 7 .7 
----------
